Findings
========

Foot-and-mouth disease (FMD) is an acute and highly contagious disease requiring expensive treatment occurring in cloven-hoofed animals. The etiological agent of FMD is foot-and-mouth disease virus (FMDV), which belongs to the genus *Aphthovirus*of the family *Picornaviridae*\[[@B1]\]. The spreading capacity of the virus and its ability to change its antigenic identity make it a serious threat to the beef and dairy industries in many countries. FMDV has 7 serotypes and over 70 subtypes. Owing to the absence of reciprocal protection among all the serotypes, it is difficult to control FMD through vaccination and impossible to eliminate FMD by conservative natural breeding. A recent occurrence of a large epidemiogenesis has made the development of emergency antiviral strategies essential for preventing outbreaks of FMD.

RNA interference (RNAi) is a process of sequence-specific, posttranscriptional gene silencing (PTGS) in animals and plants, which can be induced by 21- to 23-nucleotide (nt) siRNA that demonstrates sequence homology to the target gene \[[@B2],[@B3]\]. It is well known that one obvious potential function for the RNAi machinery would be to defend cells against viruses that express dsRNA as part of their life cycle \[[@B4]\]. Indeed, there is compelling evidence indicating that RNAi is critical incurtailing viral infections in both plants and invertebrates. Moreover, it can be readily demonstrated that the artificial induction of an antiviral RNAi response in mammalian cells can confer strong protection against a wide range of pathogenic viruses \[[@B5]\]. Nevertheless, it remains unclear whether RNAi is involved in antiviral defense in mammalian cells in physiological conditions. Mammalian cells were originally thought to be unlikely to posses an active RNA-silencing machinery \[[@B6]\], besides a nonspecific, interferon mediated antiviral response mediated by dsRNA \[[@B7],[@B8]\], especially by viral long (35-nt) dsRNA \[[@B9]\]. The recent description of RNAi in mammalian cells proved that the RNA silencing machinery is conserved in mammals \[[@B10]\]. In some cases, a strong antiviral effect of RNAi was observed in the cases of human immunodeficiency virus \[[@B11],[@B12]\], hepatitis B virus \[[@B13],[@B14]\] and poliovirus and human papillomavirus \[[@B15],[@B16]\]. In fact, several viruses have now been shown either to express their own miRNAs in infected cells or to take advantage of host cell miRNAs to enhance their replication \[[@B17]-[@B19]\]. It therefore seems reasonable to propose that the extremely potent interferon system has displaced RNAi as the key defense against virus infection in mammalian cells \[[@B20]\]. SiRNA probably operates at multiple levels in mammals, its main action is expected to be mediated at the posttranscriptional level by rapid destruction of homologous mRNAs. The use of siRNA as an antiviral agent could lead to a selective pressure on the siRNA target sequences that might result in the appearance of escape variants due to the changes in the target sequence. Thus, the selected virus target sequences were located in the conserved regions of the virus genome \[[@B21]\]. In this study, we describe the use of RNAi in inhibiting virus replication in BHK-21 cells and suckling mice. The selected siRNA targets had 100% identity when compared with all the FMDV sequences deposited in GenBank, regardless of their serotype. This level of identity is an indication of a strong selective pressure against mutations since this sequence resists changes during the evolution of the virus. This selective pressure could maintain the siRNA target sequences without alterations, ensuring the effective activity of the siRNAs described in the present study. This work offers an insight into the use of RNAi in animal breeding for disease resistance.

The commercial plasmid pSilencer5. 1-H1 was used to express the inverted-repeat RNA corresponding to homogenous 3D and 2B1 coding regions of the 7 serotypes of FMDV. 2 siRNAs template primers were

FMDV-2
------

(p1): 5\'-GATCCGCTACAGATCACCATACCTTTCAAGAGAAGGTATGGTGATCTGTAGCTTTTTTGGAAA-3\'(p2): 5\'-AGCTTTTCCAAAAAAGCTACAGATCACCATACCTTCTCTTGAA AGGTATGGTGATCTGTAGCG-3\'

FMDV-3
------

(p1): 5\'-GATCCGCCAGATGCAGAGGGACATGTTCAAGAGACATGTCCCTCTGCATCTGGTTTTTTGGAAA-3\'

(p2): 5\'-AGCTTTTCCAAAAAACCAGATGCAGAGGGACATGTCTCTTGAACATGTCCCTCTGCATCTGGCG-3\'

First, The 2 pairs of primers were annealed and ligated with the linear retrovirus vector pSilencer5. 1-H1 to produce 2 siRNA-expression vectors -- pSi-FMD2 and pSi-FMD3. Sequencing confirmed the correct ligation of the two plasmids. The primer used for sequencing was: 5\'-TTGTACACCCTAAG CCTCCG-3\'.

We determined first whether transient siRNAs expression could trigger an antiviral response on BHK-21 cell infected with FMDV. Transient cellular transfection and identification of FMDV were conducted in BHK-21 cells. Twenty four hours post-transfection, the transfected cells were infected with 5 × 10^3^TCID~50~/cell of FMDV serotypes A, O, and Asia1. The CPEs of the BHK-21 cells were observed at 10, 12, 18, 24, 36 and 48 h postinfection. Samples of supernatant were obtained at designated time points, and the TCID~50~were determined by the Reed-Muench formula. BHK-21 cells are fibroblastic, growing in a monolayer, and having a well-defined tendency for parallel orientation. Viral infection causes a marked CPE resulting in total cellular detachment, rounding, and destruction, which can be observed under a microscope. As shown in Fig. [1](#F1){ref-type="fig"}, CPEs appeared in the BHK-21 cells infected with FMDV serotype A at 12 h postinfection and were particularly severe among the 4 groups between 24 h to 36 h. Cellular detachment, rounding, and destruction of the control group were more severe than the experimental group. At 48 h postinfection, the cells of the control group were dead and almost detached. CPEs appeared in the BHK-21 cells infected with FMDV serotype O and Asia I at 6--8 h postinfection and were particularly severe at 10--12 h postinfection. To further substantiate the antiviral activity, we determined the virus yield of cells infected with the 3 viruses at designated time points. The TCID~50~of the FMDV serotypes A, O, and Asia I detected in supernatants collected from cells transfected with FMDV-specific siRNA-expressing plasmids was lower than that in the control cells.(Fig. [2](#F2){ref-type="fig"}) However, no significant inhibition was observed after 48 h (FMDV serotype A) and 18 h (FMDV serotypes O and Asia I). These results suggest that transient expression of FMDV hairpin RNA is competent to trigger an antiviral response on BHK-21 cell.

![**CPEs of BHK-21 cells infected with FMDV at different times**. A. CPEs of BHK-21 cells transfected with FMDV-specific siRNA-expressing plasmid;. B. CPEs of BHK-21 cells transfected with control plasmid;. C. CPEs of Control BHK-21 cells. As showed in Fig. 1, CPEs appeared in the BHK-21 cells infected with FMDV serotype A at 12 h postinfection and were particularly severe among the 4 groups between 24 h to 36 h. Cellular detachment, rounding, and destruction of the control group were more severe than the experimental group. At 48 h postinfection, the cells of the control group were dead and almost detached.](1743-422X-5-86-1){#F1}

![**TCID~50~of the FMDV serotypes A, O, and Asia I at different times**. (A): TCID~50~of FMDV A at different times. (B): TCID~50~of FMDV O at different times. (C): TCID~50~of FMDV AsiaI at different times. The TCID~50~of the FMDV serotypes A, O, and Asia I detected in supernatants collected from cells transfected with FMDV-specific siRNA-expressing plasmids was lower than that in the control cells.](1743-422X-5-86-2){#F2}

To further test the anti-FMDV activity of the siRNAs, we challenged Kunming White suckling mice (2--3 days old and weighing 3--4 g). The suckling mice were subcutaneously injected in the neck with 50--100 ug of plasmids dissolved in 100 ul of saline. Mice of the control group were subcutaneously injected with saline. After 6 h, the suckling mice were challenged with 5 and 20 LD~50~of the FMDV serotypes O, and Asia I per 0.1 milliliter by subcutaneous injection in the neck near the site that received the injected DNA and were then observed for 5--6 days postchallenge. All saline-injected mice (n \_ 10 mice per group) died within 69 h, with most mice dying within 48 h, after the viral challenge. Only 3 of 9--10 mice pretreated with pSi-FMD2 and 4 of 10 mice pretreated with pSi-FMD3, survived a viral challenge of 5 LD~50~for 5 days of observation. Further, only 1 of 9 mice pretreated with pSi-FMD2 and 1 of 9--10 mice pretreated with pSi-FMD3 survived a viral challenge of 20 LD~50~for 5 days of observation. The percentage survival is shown in tables [1](#T1){ref-type="table"} and tables [2](#T2){ref-type="table"}. Thus, table [1](#T1){ref-type="table"} and tables [2](#T2){ref-type="table"} clearly indicate that the mice treated with siRNA-expressing plasmids had reduced susceptibility to virus infection.

###### 

The survival of mice challenged by FMDV AsiaI

             saline             FMD2   survival   FMD3   survival
  ---------- ------------------ ------ ---------- ------ ----------
  5LD~50~    died within 69 h   3/9    33.3%      4/10   40%
  20LD~50~   died within 69 h   1/9    11.1%      1/9    11.1%

The suckling mice were subcutaneously injected in the neck with 50--100 ug of plasmids dissolved in 100 ul of saline. After 6 h, the suckling mice were challenged with 5 LD~50~and 20 LD~50~FMDV serotypes Asia I per 0.1 milliliter by subcutaneous injection in the neck near the site that received the injected DNA and were then observed for 5--6 days postchallenge. All saline-injected mice (n \_ 10 mice per group) died within 69 h, with most mice dying within 48 h, after the viral challenge. Only 3 of 9 mice pretreated with pSi-FMD2 and 4 of 10 mice pretreated with pSi-FMD3, survived a viral challenge of 5 LD~50~for 5 days of observation. Further, only 1 of 9 mice pretreated with pSi-FMD2 and 1 of 9 mice pretreated with pSi-FMD3 survived a viral challenge of 20 LD~50~for 5 days of observation.

###### 

The survival of mice challenged by FMDV O

             saline             FMD2   survival   FMD3   survival
  ---------- ------------------ ------ ---------- ------ ----------
  5LD~50~    died within 69 h   3/10   30%        4/10   40%
  20LD~50~   died within 69 h   1/10   10%        1/10   10%

The suckling mice were subcutaneously injected in the neck with 50--100 ug of plasmids dissolved in 100 ul of saline. After 6 h, the suckling mice were challenged with 5 LD~50~and 20 LD~50~FMDV serotypes 0 per 0.1 milliliter by subcutaneous injection in the neck near the site that received the injected DNA and were then observed for 5--6 days postchallenge. All saline-injected mice (n \_ 10 mice per group) died within 69 h, with most mice dying within 48 h, after the viral challenge. Only 3 of 10 mice pretreated with pSi-FMD2 and 4 of 10 mice pretreated with pSi-FMD3, survived a viral challenge of 5 LD~50~for 5 days of observation. Further, only 1 of 10 mice pretreated with pSi-FMD2 and 1 of 10 mice pretreated with pSi-FMD3 survived a viral challenge of 20 LD~50~for 5 days of observation.

In this work, it was demonstrated that transfection of BHK-21 cells with the 2 siRNA-expressing plasmids could induce a lower CPE compared with the controls. Further, the TCID~50~of the FMDV serotypes A, O, and Asia I detected in supernatants collected from cells transfected with FMDV-specific siRNA-expressing plasmids was lower than that of control cells. On the other hand, expression of a 21-nt siRNA heterologous to the FMDV genome did not significantly reduce virus replication. In addition, when challenged by 5 LD~50~or 20 LD~50~of the FMDV serotypes O, or Asia I after injecting FMDV-specific siRNA-expressing plasmids, 10--40% suckling mice could resist virus infection. This report, as well as the results of others \[[@B22],[@B23]\] suggests that double-stranded RNA (dsRNA) is a very powerful tool for the inhibition of virus replication and has a high therapeutic potential. In our case, the inhibition effect is not so well-defined as in the result reported by Chen et al \[[@B24]\] and Ronen Kahana et al \[[@B25]\]. However, in this study, siRNAs targeting 2 highly conserved sequences that could inhibit 3 viral serotypes were designed. Further research is required to determine whether this is the case for the other serotypes also.
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